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TITLE 


NON-MBTALLIC  PROJECTILE  CARRIERS  - PART  4 
Oiscardine  Projectile  Carriers  as  Sabots  fur  Launching  Plecbsttes 

OBJECT 

To  design  and  develop  a Watertown  Arsenal  Laboratory  Type  Carrier 
suitable  for  launching  flechettes  weiring  3.02  grains  into  free  flight 
from  smooth  bore  gun  tubes,  singly,  and  as  components  In  e^erimental 
loadings  of  small  scale  malt! -missile  (canister)  shot. 

SUMMARY 

This  report  describes  the  ballistic  performance  and  data  on  a aeries 
of  VAL  Type  Discarding  Projectile  Carriers  designed  for  launching 
flechettes,  weighing  8,02  grains,  into  free  flight  from  smooth  bored  gun 
tubes.  The  ballistic  tests  herein  described  also  Include  the  develop- 
ment of  a technique  for  recording  the  losses  in  linear  velocities  of  tho 
flechettes  oter  the  flight  distances  of  30.  auid  200  feet.  Tests 
vers  also  made  to  coiqpare  the  losses  in  velocities  and  probable  terminal 
acoaraejr  of  flsohettea  having  alight  modifications  of  their  nose 
(ogls»s)  and -fin  bases.  Measurements  were  ok«(la  of  the  depth  of  penetra- 
tions of  standard  and  modified  flechettes  into  a composite  target  of  soft 
pine  wood.  Also,  studies  were  made  of  the  flight  characteristics, 
stability  and  perfomemee  of  standard,  as  well  as  modified,  flechettes 
by  means  of  measurements  and  observations  of  their  passage  in  fli^i 
throu^  a series  of  specially  designed  and  constructed  witness  panels, 
mounted  at  30,  100  and  200  feet  distances  from  the  muzsle  of  the  gun 
tube,  as  well  as  by  means  of  spark  photographs  of  the  flechettes  in 
oud  in  aspariiaeutal  suit! -si sails  loor-dlngs. 

XNCLU5I0KS 

Prom  the  observations  made  in  these  tests,  it  is  concluded  that: 

1.  The  WAL  Type  Carrier  can  be  successfully  used  to  launch 
flechettes  into  free  .flight  singly  from  a smooth  bored  tube 


K>Nn0ENTb«4. 
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2.  The  WAL  Type  Carrier  can  be  applied  to  the  expe;iaeatal  and 
developmental  'badlietic  evaluation  of  flechettes  or  other  similar 
miaelle  types  that  may  be  under  consideration  as  potent^%i  fillers  for 
malti-oissile  (canister)  type  ammunition. 
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IMTHODUCTION 


Tho  development  of  the  Vatertown  Arsenal  Laboratory  Nonmetallie 
Projectile  Cairrler,  Discarding  Type,  was  an  indirect  result  of  a long 
range,  hyper-velocity,  armor-piercing  shot  program  initiated  by  the 
Office,  Chief  of  Ordnance tin  19^5- 

In  the  development  of  this  type  of  carrier,  nua^oas  types  of 
nan-metallic  materials  were  used  experimentally.  Dafflistlc  axialysaa 
and  ooiqparisons  were  made  in  the  evaluation  of  possible  carrier 
materials.  Carrier  si  sea  varied  from  0.^26  inch  to  3 inches  and  the 
snh-projkctiles  consisted  of  many  types,  ranging  in  sise  from  0.150 
inch  to  2 inches.  Mach  of  the  test  work  has  been  aoeoaqplisbed  by 
using  scale  models  of  ocnnon  ammunition  as  sub-projeotlles  moonted  in 
these  types  of  carriers,  and  several  reports  have  been  preparedl^nd 
aabmitted.l<2>3f^ 

Based  upon  this  prior  knowledge,  it  was  apparent  that  the  VAL 
Fonmstalllc  Projectile  Carrier  could  be  successfully  used  as  a method 
to  obtain  precise  exterior  and  terminal  ballistics  data  of  the 
performance  of  flechettes  fired  singly,  as  well  as  in  e^qperimental 
moltiHBiissile  loadings.  Therefore,  at  the  req[uest  of  Office,  Chief  of 
Ordnance  (OBITS) , a preliminary  test  series  was  outlined,  as  herein 
reported.  The  carrier  type  used  in  these  tests  was  essentially  a 
basic  carrier  dsslgn  that  has  been  successfully  used  at  Watertown 
Arsenal  Laboratory  to  launch  small  (2  grain)  and  madium  sised  (45 
gredn)  shell  fraigments  and  fragment  sinulatlng  projectiles  into  free 
flight  from  both  smooth  and  rifled  gun  tubes. 5 


Y.  Report  Hos.  WAL  762/532,  762/532-1  and  762/532-2,  •Honmetallic 
Projectile  Carriers*,  by  2.  N.  Heggs  and  J.  F.  McDonou^. 

I.  WAL'Technlcal  Services  Branch  Report  Ho.  52-8,  *The  Ballistic 
Behavior  of  Special  Projectiles  and  Missiles  Fired  in  VAL 
Honmetallic  Projectile  Carrie^c-o*,  by  J.  P.  MoDonou^  & H.A.  Traverse. 

3.  Abeirdeen  Proving  Cround  4th  Report,  OCO  Project  Ho.  TAl-1302,  Fjrst 
Development  of  Shot,  EVAP-D6,  76/50mm,  by  J.  R.  Tomlinson. 

4.  Report  No,  WAL  76l/59,  "Prellwinau’y  Investigation  of  WAL  Typo 
Discardiiur  Projectile  Corriere  as  Atjulied  to  Small  Arine  Projectile^*; 
by  J.  P,  McDonoU^  and  A.  Sloan. 

5.  These  applicatlon^ii  of  the  WAL  Type  Carrier  have  been  developed  by 
the  VAL  Ballistics  Section  to  fire  missiles  which  are  used  to 
srvhluate  and  cospare  materials  being  considered  by  the  Ordnance  and 
Quartermaster  Corps  to  serve  as  armor  for  personnel. 


■I 


I 

;1 


I 


i 


coMnoofriAC 


COMrfnrNTSAi 

Dlgg^SSION  OF  TEST  METHODS  AND  Hli-rJLlS 


THE  TBST  WSAPOH; 

To  laxmch  the  flechettes  into  ffee  fli^?ht,  sin^^ly,  from  the  WAL 
Type  Carriers,  a test  weapon  was  developed  from  pn  H 1922  ^rin^leld 
ilimory  barrel,  oalibi'r  0.226  inch.  This  barrel  was  then  smooth 
bored  and  hand  lapped  to  0.270  inch  tO.OOl  inch.  This  tube  was  \i^n 
chambered  to  accomodate  a caliber  .300  R md  H M ./?num  cartridge  ease. 

In  the  experimental  firings  of  the  flechettes,  as  cosponents  in 
the  e^^rlmental  imilti-miBsile  rounds,  a caliber  O.50  inch  test  t 
barrel  was  smooth  bcrci  and  hand  lapped  to  0.527  inch  t 0,001  inch. 
The  chamber  of  this  tube  was  not  modified;  therefore,  the  Service 
case.  Ml  caliber  .50,  was  used  as  the  propellant  container. 

THR  PBOPBLLAMTS; 

In  the  .270/300  filing  tests  (flechettes  launched  into  free 
flight  singly)  the  pi*opellant  selection  was  Hercules  Unique. 
Prcpellant  IHR  No.  4759  was  the  selection  in  the  caliber  .50/. 527 
inch  (experimental  molti -missile  firings) . 

The  test  weapons  were,  in  all  instances,  parallel  boresi^ted, 
and  the  test  rounds  wers  fired  as  sd^-fixed  ammunition.  The  firing 
mechanism  was  a Frankford  Arsenal  universal  type, 

THE  NAL  TTPB  nAHPTTtHSt 

The  experimental  designs  (A,  B , C and  D,  Figure  l)  of  this 
report,  were  prmared  from  extruded  rods  of  methyl  methacrylate 
(lucite)  . The  (friers  were  then  carefully  lathe  turned  from  this 
material  to  the  prescribed  dimensions.  Inherent  dimensional  errors 
in  uniformity  of  the  flechettes  as  received  made  it  necessary  to 
hand  fit  the  individual  carriers  and  flechettes  prior  to  firing 
(except  in  the  case  of  the  experimental  multi -missile  firings)  . 

In  the  preliminary  firing  tests,  on  final  assembly,  the  basos 
of  the  carrier  ’'ere  ’'ound  wl  t,h  two  circumferential  wrap7)ings  of 
cellulose  tape  0.250  inch  in  width.  The  incltision  of  this  wrapping 
was  to  accomplieh  obturation  of  the  carriers  within  the  bores  of  the 
tubes  and  to  eliminate  the  initial  escapage  (blowby)  of  the  propel- 
lant .giise  a,  and  thus  improve  the  reproducibility  in  the  round  to 
rcAind  relationship  between  propellant  charge  vs  flechette  velocity. 
This  obturation  of  the  carriers  within  the  gun  bore  could  also  })ave 
been  accomplished  by  an  Increase  in  the  diameter  of  the  lower  base 
portion  of  the  carrier  by  approximately  0,005  inch. 
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THE  YiimJITY  APPArUTUS; 


To  record  the  priuory  ml  second  !ry  velocities  of  the  flechettes 
in  free  flight,  two  Potter  type  4JJ  h.C.  Counter  Chrono^iH^aphs  were 
employed  as  follows:  actuated  by  two  independent  pairs  of  photo- 

electric cells  (trifKsrs)  , hivin;:  a ZQ  foot  traeeline  (interveJ.  between 
trig^rs)  and  mounted  at  the  prescribed  distances  of30i.lS0  200 
feet  measured  as  the  mid-point  distance  between  the  pedrs  of  triggers. 
Therefore,  one  chronograph  was  used  to  record  the  initial  flechette 
velocities  and  the  other  chronograph  would  necesearily  record  the 
residual  velocities  of  the  flechettes  in  free  flight. 

THE  triTHESS  TARGETS: 

As  a method  to  assist  in  the  analytical  evaluation  of  the  down 
range  and  terminal  ballistics  performance  of  the  flechettes  in  free 
flight,  a special  type  of  witness  target  was  prepared,  consisting  of 
20  inch  X 20  inch  wooden  frames.  These  frames  were  then  covered  with 
thin  kraft  paper  and  finally  given  a coating  of  thinned  shellac. 

These  targets  were  then  located  at  oredctsi mined  distances  from  the 
muzzle  of  the  gun  tube.  Targets  of  this  type  will  permanently  indicate 
any  erratic  flight  behavior  or  deviation  of  this  missile  from  its  true 
line  of  sight. 

THE  PINE  BOARD  TARGET: 

To  insure  reliable  and  reproducible  penetrat'on  results,  a target 
was  prepared  from  a single  length  of  knot  free,  dry,  soft  pine  board, 

8 inches  in  width  and  1-3/^  inches  in  thickness.  This  pine  board  was 
then  finally  pl<aned  to  exactly  1-3/3  inches  in  thickness  and  the 
penetration  target  was  m vie  up  of  sections  of  this  material.  In  this 
manner,  a \iniform  pine  target  was  assured. 

THE  5PAKK  PHOTOORAPHT : 

The  shadowgraph  data,  depicting  the  aerodynamic  behavior  of 
flechettes  In  flight  singly,  as  well  as  in  multiples,  was  produced 
“1  t.v>  » p.  jv  CQjfjgi  ti.  20MI*CS»  JiS  ??  O Ci 

delay  equipment,  and  power  supply,  designated  Spark  set  H.V.  Spark 
Unit  (Aberdeen  Proving  Ground  design)  . The  unit  hfvs  controls  for 
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vairylng  the  time  delay  over  a range  of  70  to  800  micro-seconds.  A 
WAL  CTpe  Triggering  Qrid  was  used  to  actuate  this  spark  source.l|2 

(BlSBRyATIOHS  AND  COHCLDSIOHS 
THg  WAL  TTPS  CARRTAHS; 

The  initial  firing  tests  with  standard  flechettes,  mounted  in 
the  ceurrier  type,  shown  as  A,  Figure  1,  resulted  in  erratic  flij^t 
performance  of  the  standard  flechettes.  This  was  clearly  demon- 
strated by  the  initial  indications  of  excessive  yawing,  as  weis  dis- 
closed by  the  witness  target  penetrations  sis  well  as  from  the 
relatively  poor  dispersions  obtained  upon  the  terminal  impact  targets. 
It  was,  therefore,  concluded,  that  on  set-back  of  the  flechettes 
within  the  carriers,  the  curved  base  cavities  would  tend  to  compress 
at  the  lesding  edge,  and  in  this  manner,  unduly  grasp  or  bind  and  thus 
indues  a delay,  or  non-^ymmetrical  discardmsnt  of  the  carriers  from 
the  flechettes.  This  binding  of  the  csu:‘rier  base  would  tend  to 
induce  excessive  yawing  in  fli^t. 

Because  of  the  poor  perfonance  of  the  type  A carrier,  a flat 
bass  cavity  design,  as  shown  in  B,  Figure  1,  was  tried.  The  flechettes 
were  also  modified  by  squaring  off  the  fin  bases.  These  changes 
resulted  in  an  appreciable  improvement  in  the  exterior  ballistic 
performance  of  the  flechettes.  However,  in  some  instances,  it  was 
observed  that  an  occasional  erratic  flight  performance  of  a flechette 
would  oeair.  Svaluation  of  the  witness  target  results,  and  from  a 
careful  study  of  the  first  shadowgrajh  pictures  obtained,  it  was 
concluded  that  type  B carrier  was  not  effectively  supporting  the 
shaft  (body)  of  the  flechettes  and  that  balloting  was  occurlng  in 
some  Instances  within  the  gun  bore.  This  balloting  would  necessarily 
induce  erratic  fli^t  and  the  flechettes  would  travel  considerable 
distances  before  the  fins  could  straighten  out  the  trajectory  of  the 
missile. 


1.  Report  No.  WAL  892/11,  "Development  of  Technique  for  Spark  Photo- 
Corps,  DSAS. 

2.  Report  Ho.  WAL  762/523(c)  , •Nonmetalllc  Projectile  Carriers'*  by 
R.  H.  Hegge  and  John  P.  McDonough. 
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in  order  to  support  or  guide  the  shaft  (body)  of  the  flechette  in 
the  gun,  the  design  sho>iii  as  type  C,  Figure  1,  vas  evolred.  This 
carrier  consisted  of  t#o  parte,  a base  piece  with  slots  120**  apart  into 
which  the  fins  of  the  flechette  fitted  and  a cylindrical  tube  which 
fitted  over  the  shaft  (body)  of  the  flechette.  This  design  resulted 
in  a slight  improTesient  of  the  terminad  accuracy  as  well  as  some  reduc- 
tion of  the  initial  yawing  of  the  flechettes  in  fli^t.  However,  not 
enough  actual  firing  results  were  obtained  with  either  the  .tjfpe  B or  C 
carriers  to  determine  conclusirely  a positive  preference  for  either 
type.  A plot  of  flechette  dispersions  launched  into  free  fll^t  from 
the  B and  C type  carriers  is  shewn  in  Figure  5> 

Tests  of  flechettes,  loaded  as  components  for  experimental  multi- 
missile  ammunition,  were  meuie  by  loading  the  flechettes  into  the 
carrier  design  shown  as  D,  Figure  1.  In  the  multi-missile  firings, 

13  flechettes  were  loaded  in  the  carrier  having  their  shafts 
parallel  and  fin  bases  resting  on  the  base  of  the  carrier.  A.  com- 
pression band  around  tho  bodies  of  the  missiles  was  used  in  some 
firings  but  it  was  not  positively  established  that  this  coinpression 
band  did,  or  did  not,  improve  the  missile  dispersions.  However,  a 
band  of  this  type  should  reduce  the  possibility  of  the  flechettes 
balloting  in  the  gun  bore  and  thus  effect  an  improvement  in  the  beyond- 
the-nussle  performance  of  flechettes. 

THB  TBLOCITY  L(«SBS; 

It  was  apparent  that  the  drop  off  in  velocities  du7-ing  the  first 
30  feet  of  travel  was,  in  many  instances,  excessive  as  compared  to  the 
recorded  100  and  200  foot  losses  in  velocity.  The  initial  (or  near  the 
muasle)  yawing  of  the  flechettes  in  flight  would  necessarily  influence 
this  rather  excessive  deceleration,  as  shown  in  Figures  2,  3 and  4. 
Table  I has  been  prepared  as  additional  information  providing  direct 
cooQiarison  of  losses  in  velocity. 

TH8  PIMC  BOABn  PBWBTRATTQirSi 

Although  the  pine  board  penetration  results,  as  given  in  Figure  6 
of  this  report,  were  useeu  on  sui  aaoured  uniforndty  of  the  penetration 
target,  it  appears  that  such  penetration  results  are  not  a good 
criterion  in  the  final  evaluation  of  the  lethal  potentia]i  of  any  given 
missile  or  projectile.  Since  there  are  a large  variety  of  types  of 
*pins  boards”,  each  having  variables  in  age,  density,  thicknesses  and 
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moisture  content,  it  appears  that  the  *pine  hoaurd*  conparieon  is  not 
a good  lethality  test,  and  the  results  should,  therefore,  he  used 
with  oaution,  since  rariatlons  in  the  target  may  reduce  the  true 
effeotlTe  range  in  one  case  and  increase  it  in  the  other. 

THB  yiaCHBTTBS; 

The  vei^t  of  the  standard  flechettes  as  received  was  8.02  grains. 
The  modifications  to  the  fin  bases  resulted  in  a reduction  in  this 
original  wei^t  to  7 >80  grains  euid  modifications  made  on  both  the  fin 
bases  and  noses  of  the  flechettes  further  reduced  the  total  wei^t  to 
7«^9  grains.  (These  weights  ara  baaed  on  an  average  of  10  randomly 
selected  flechettes) . 

In  the  as-received  condition,  it  was  determined  that  the  standard 
flechettes  were  comparatively  non-symmetric  in  their  geometries.  This 
non-uniformity  was  e^parently  the  result  of  the  die  forming  processes 
in  their  manufacture,  particularly  so  in  the  formation  6f  the  noses 
(ogives)  of  the  flechettes  and  in  their  fin  structures.  Measurements 
of  the  fin  dimensions  further  disclosed  that  the  width  of  the  three 
individual  fins  Qf  each  flechette  varied  in  thickness  from  0.012  inch 
to  0.015  inch  and' that  the  height  of  the  crest  of  the  fins,  as 
measured  from  the  outside  diameter  of  the  shaft  opposite  the  crest, 
varied  from  0,05^  inch  to  0.069  inch. 

It  was  also  observed  that  in  the  formation  of  the  flechette  noses 
(ogives)  the  hexagonal  die  cutting  was  somewhat  uneven  and,  therefore, 
contributed  to  the  formation  of  residual  buirs  and  ridges  upon  the 
noses  of  the  flechettst..  These  dimensional  variables,  parti culau*ly 
those  observed  in  the  fin  and  nose  structures  of  the  flechettes,  would 
seem  to  be  of  sufficient  magnitude  as  to  produce  an  error  in  the 
uniform  distribution  of  mass  along  the  longitudinal  sixis  of  the 
flechettes,  resulting  in  the  ballistic  unbalancing  of  the  flechettes. 
This  alone  would  seem  to  account  for  some  of  the  inaccurate  fli^t 
performances  and  excessive  initial  yawing  of  the  flechettes  in  f. .e 
flight  as  observed  in  these  tests.  This  effect  is  clearly  demonstrated 
in  Figures  7 and  10  of  this  report. 

There  were  no  observed  indications  of  physical  failures 
(collapse  of  the  fin  bases  of  the  flechettes)  from  the  forces  of  set- 
back within  the  ceurriers,  however,  within  the  velocity  range  of 
3600  r/S  to  4000  F/S  it  was  observed,  that  at  the  Junction  of  the 
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shaft  and  forward  po’^tion  of  the  fin  structure  the  fins  would  bend  and 
assxuDe  a permanent  *set".  On  closer  examination,  it  was  determined 
that  this  zone  (the  junction  of  shaft  and  fin)  was  inherently  weedc  as 
a direct  result  of  the  die  forming  process  ih  manufacture. 

The  accuracy  of  the  fiechettee  was  carefully  observed  throu^nut 
the  tests,  and,  on  the  basis  of  the  initial  test  results,  it  was 
apparent  that  a velocity  range  of  from  2200  to  2700  feet  per  second 
is  the  most  effective  zone  of  accuracy  for  the  design  of  the  flechettes 
fired  when  la\inched  into  free  flight  from  the  B and  C type  carriers. 

The  comparative  penetration  results,  obtained  with  standard  and 
modified  flechettes,  as  given  in  Figure  6,  do  not  necesseirily  indicate 
a choice  in  the  selection  of  the  1 caliber  (standard  ogive)  flechette 
in  performance  to  a 2 caliber  (modified  ogive)  flechette,  as  modifica- 
tions reduce  the  total  mass  from  8,02  grains  to  7.^9  grains.  It  was 
also  observed  that  the  modified  flechettes  would  tend  to  dive  during 
their  penetrations  of  the  target.  However,  in  view  of  the  limited  test 
results,  no  conclusive  estimates  of  comparative  penetration  performances 
can  be  made. 

THE  SHADOWGRAPH  PICTUHES: 

As  shown  in  Figures  7 to  I5  of  this  report,  the  aerodynamic 
performance  of  the  flechettes,  launched  singly,  and  as  components  in 
the  experimental  multi-missile  rounds,  was  generally  good.  The  najor 
smd  secondary  shockwaves  were,  in  effect,  symmetrical.  However,  above 
Mach  Ko.  1,  the  errors  in  manufacture  (as  described  in  the  discussion 
of  the  flechette  herein)  can  be  readily  observed.  This  effect  is 
clearly  demonstrated  in  the  arrangement  and  intensity  of  the  bow  waves 
acting  upon  the  noses  of  the  flechettes  in  flight.  Here  the  effect  of 
the  hexagonal  die  cutting  is  graphically  reproduced.  Also,  the  smaill 
fesidual  burrs  and  scratches  upon  the  leading  and  trailing  edges  of  the 
fins  have  set  up  secondary  retarding  forces  that  influence  the  flechettes 
in  flight. 

The  spark  photographs  (shadow^T-aphs)  of  the  flechettes,  launched  as 
experimental  multi-missile  rounds,  in  plusLic  oaii-leis,  are  shown  In 
Figures  11  amd  12  of  this  report.  Below  the  velocity  of  sound  in  air 
(Mach  Ho.  1)  the  I3  flechettes  were  still  in  a compact  group  at  12  feet, 
distance  from  the  muzzle  of  the  gun  tube.  As  can  be  seen  in  Figure  11, 
the  compression  ring,  that  originally  fitted  over  the  noses  of  the 
13  flechettes  (D,  Figure  1) , had  become  disengaged  prior  to  this 
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distance.  Tne  dispersion  of  the  flechettes  at  50  feet  distance  from 
the  Kuzsle  of  the  ^;un  tube  was  evenlr  distributed  within  a diameter 
of  approximn tely  19  Inches.  At  the  hlghar  velocity,  19Q0  feet  per 
second,  the  outer  rings  of  the  flechettes  were  beginning  to  fan  out, 
as  nan  be  seen  in  7igure  12,  and  sections  of  the  fractxured  coaQ>res- 
sion  ring  have  discarded  eind  are  trailing  the  flechette  group.  The 
dispersion  of  the  flechettes  fired  at  the  higher  velocity  wan  approli- 
nately  twice  that  of  the  flechettes  fired  at  the  lower  velocity  and  in 
addition  several  of  the  flechettes  were  yawing  excessively  at  the 
higher  velocity.  It  is  apparent  from  this  si>a]ic  photograph  that  priot 
to  separation  of  the  flechettes  from  the  base  of  the  plastic  carrier, 
the  built  up  air  pressure  within  the  assembled  group  forces  the  nose 
ends  of  the  missiles  to  fan  out. 

Figures  13,  1^  and  15  of  this  report  are  shadowgraphs  depicting 
the  exfoliation  of  am  experimental  12  Q&.  multi-missile  round. ^ 

DISCUSSION  AMD  aSOOMMEMDATION 

The  results  of  experiments^  work  described  in  this  report  indicate 
that  , further  work  in  this  direction  would  be  .Justified.  This  further 
work  woold  cover  a broader  range  of  testing  program  and  should,  there- 
fore, Include  the  following: 

1.  >By  the  process  pf  injection  molding,  the  WAL  Type  Qmrrisrs 
could  be  manufactured  to  prescribed  dimensions.  This  would  effect  an 
appreciable  saving  in  both  time  stnd  costs. 

2.  Any  new  tests  of  this  type  that  may  be  contemplated  should 
also  include  measurements  of  the  losses  in  linesu:  velocities  of  the 
flechettes  in  free  flight  and  particular  consideration  should  be  given 
to  the  effects  of  variables,  such  as  changes  in  the  atmcspherlc  condi- 
tions during  such  tests. 

3.  Modifications  to  the  noses  and  fins  of  the  flechettes  should 
be  given  further  consideration,  ard  close  controls  should  be  established 


1.  The  dsvelopment  of  this  experimental  round  is  the  direct  result 
of  an  independent  research  program  being  conducted  by  Mr.  John  Bird 
of  the  Office  of  the  Chief  of  Ordnance,  ORDTS, 
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and  maintained  dririn^  the  manufacturing  processes.  Sspecially 
important  would  be  experimental  studies  of  flechttte  •stacking 
arrangement  and  methods  of  separation. 

4.  7he  pine  board  penetration  standard  of  conQ>arison  should 
be  discontinued  as  a test  method  in  the  eralmtion  of  the  lethal 
effect  of  flechettes.  A more  reliable  penetration  evaluation  test 
mi^t  be  established  using  targets  of  bonded  and  unbonded  woven  n^lon 
laminates  and  other  simllaur  types  of  materials. 

5.  The  shadowgraph  picture  studies  should  be  broadened  so 
as  to  include  "in  series*  (multiple)  views  of  the  flechettes  in 
fll^t.  The  inclusion  of  two-dimensional  shadowgr^h  pictures  would 
inqoVove*  the  analytical  evaluation  of  the  flight  performance  of 
individuail  flechettes. 

7rcm  the  observations  made  in  these  tests,  it  is  concluded  that: 

1.  The  WAL  Type  Csurrler  can  be  successfully  used  to  launch 
flechettes  into  free  flight  singly  from  a smooth  bored  gun  tube. 

2.  The  VAL  Type  Carrier  can  be  applied  to  the  experimental 
and  developmental  ballistic  evaluation  of  flechettes  or  other  similar 
missile  types  that  may  be  xmder  consideration  as  potential  fillers 
for  multi-missile  (canister)  type  ammunition. 
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INSTHUMBMTAL  YBLDCITIOT 

Staadao'd  Flechetts  Modified  Fleohatte 

Plotted  in  Figure  2 Plotted  in  Figure  3 
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TABLE  I (cont'd) 

Standard  Flechette  Modified  Flechette 

Plotted  in  Figure  2 Plotted  in  Fjgare  3 


At  100  Feet 
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